Introduction
Pools are characteristic macro-scale bed-forms in many alluvial rivers. In the past halfcentury, interactions of riffle and pool with non-uniform flow have been reported (Leopold et 1964; Yalin and da Silva 1991; MacVicar and Rennie 2012; MacVicar et al. 2013 ). Keller and Melhorn (1978) pointed out that the pool and riffle sequence is a fundamental macroscale bed-form of rivers, irrespective of the bed material type; however, the pool and riffle sequence is most commonly associated with gravel and sand-bed rivers. Past experimental studies indicate that pools introduce non-uniformity into flow and alter the instantaneous flow structures. In fact, the non-zero pressure gradient flow over pools affects the mean flow and turbulence components, showing different patterns along a pool for the mean velocity, turbulence intensity and the Reynolds stress distribution (MacVicar and Roy 2007; Rennie 2012, MacVicar et al. 2013) . In a pool, the flow depth increases on the entry slope. In middle of pool, the flow becomes uniform. On the exit slope, the flow depth decreases. In the section of the entry slope, decelerating flow and a positive pressure gradient occurs. However, in the section of the exit slope, accelerating flow and a negative pressure gradient occurs. Normally, pools exist in straight reaches due to change in bed geometry and discontinuities in the plan form profiles and play a major role in dissipating energy and controlling erosion of channel bed, manifesting as a vital component of river restoration studies (MacVicar et al. 2013 ).
In addition to bed-forms, aquatic and riparian vegetation has impacts on the flow characteristics, velocity and Reynolds stress and turbulence intensities. In the past two decades, many studies have been reported on velocity profiles and turbulent characteristics in vegetated channels (López and García 2001; White and Nepf 2007a,b; Afzalimehr and Dey 2009; Nasiri et al. 2011; Afzalimehr et al. 2011; Afzalimehr et al. 2012; Nepf et al. 2013 ).
Vegetation can also obstruct the movement of the contact portion of the bed load and stabilize bed forms (Vanoni 1977) . Vegetation protects banks and affects the flow structure near the banks. Nasiri et al. (2010) found that the Reynolds stress distribution computed by the D r a f t 4 Reynolds equation cannot be applied when vegetation affects the flow structure. Afzalimehr et al. (2011) claimed that the maximum turbulence intensity and Reynolds stress occur above the vegetation cover of channel bed. Afzalimehr et al. (2012) indicated that near the vegetated banks, velocity distribution exhibits a wavy shape under accelerating flow and a convex shape under decelerating flow. Nepf et al. (2013) found that vegetation zone produces strong shear at the interface of vegetation and bare bank; generates coherent structures which governs the turbulence and Reynolds stresses between vegetation and bare bed.
To our knowledge, little research work has been conducted to investigate the interaction of pool and vegetated banks on turbulent flow characteristics. The main objective of this paper therefore is to investigate the interaction of vegetated channel banks (vegetation on the flume walls) and the pool bedform (pool-channel) on flow velocity, Reynolds stress and turbulence intensity distributions, by comparing the results with those of pool-channel with bare banks.
For this conceptual study in laboratory, the physical model for experiments consists of only one pool in order to separate the influence of vegetation and non-uniform flows (accelerating and decelerating flows) on velocity and turbulence distributions. Finally, the interaction of pool and vegetated banks on estimation of Manning roughness coefficient has been investigated.
Experimental Setup
Experiments were carried out in the hydraulic laboratory at the Isfahan University of entrance to make sure that fully developed flow occurs. In the approaching flow section to the testing section, the flow depth and aspect ratio were 0.2 m and 2, respectively. According to Carling and Orr (2000) , the angle of entrance (proximal) slope and exit (distal) slope of pool bed can be considered equal. The pools were designed two dimensional without span-wise variations to study the effect of longitudinal non-uniformity of bed on the flow structure.
Namely, along each cross section of the pool, the elevation of pool bed is the same. The wavelength of two-dimensional bed form was 1.5 m for each experiment. (Parsheh et al. 2010) . To obtain high quality data from the ADV velocity and turbulence, time series were filtered using WinADV which is a windows-based viewing and post-processing utility for ADV files. This software provides signal quality information in the form of a correlation coefficient (COR) and SNR (signal to noise ratio). Moreover, it has filters such as phase-space threshold despiking. The manufacturer suggests that when COR does not exceed 70%, and SNR is less than 5 db, the instantaneous velocity measurements are dominated by acoustic noise and, as a D r a f t 6 rule of thumb, that these measurements should be discarded. To avoid the possible aliasing effect, the data with SNR less than 15 db and COR less than 70 % were discarded and then phase space threshold was used to remove remaining spikes from velocity time series. After filtering, the number of acceptable velocity measurements was at least 20000 for each point. Garcia et al. (2005) claimed that ADV resolution is sufficient to capture a significant fraction of the turbulent kinetic energy of the flow. Therefore, measurements of velocity were made at 14 cross-sections (span-wise) and along three stream-wise axes which are 20 cm, 10 cm and 5 cm from the wall, respectively. For each velocity profile, 25 to 30 points were measured from the point which is 4 mm above the bed to the point which is 5cm below the water surface.
Gravel with a median grain size diameter of d 50 =10 mm covered the flume bed, and the bed particles were not movable during measurement. The walls were constructed of plexiglas which covered with vegetation. The flow discharge was kept as constant of 18.5 lit/s during all experiments. The flow was steady and non-uniform in entry section and exit section of the pool, but was uniform in the middle part of the pool.
On the base of past studies, stems of rice were used to glue on flume walls to simulate vegetation on channel banks (Nasiri et al. 2010; Afzalimehr et al. 2012 ). The stem density was 400 stems/m calculated as the number of stems per unit length. To keep the stems being on flume walls under the movement of water, the rice stems were stitched by thin cotton wire over the plastic carpet and then the plastic carpet was glued to the flume walls. In order to make sure that the whole water depth is affected only by vegetation, the length of the stems was 40 cm, more than the maximum water depth in pool channel to obtain a uniform cover of vegetation on the wall. In this way, the effect of vegetation length on roughness coefficient and aspect ratio was isolated. The mean diameter of stems was 0.26 mm, therefore the density of 400 stems per meter could make a reasonable cover (4 stems in each centimeter). Although Two different runs were made to investigate the interaction of pool-channel with vegetated banks and pool-channel with bare banks on turbulent flow distributions. Table 1 presents a summary of experimental data. A spatially averaging method, based on Smith and Mclean (1977) , was used to calculate Froude number and Reynolds number over the pool as shown in Table 1 (Franca et al. 2010) . The shear velocity (u * ) was determined using three methods of
Reynolds stress, the log-law and boundary layer characteristics (BLC).
The log-law velocity distribution was used for the inner region velocity data to obtain shear velocity (Afzalimehr and Anctil 2000) based on von Karman's universal constant ( κ =0.4).
The spatially averaged velocity profile was also used to estimate the shear velocity values using the BLC method (Afzalimehr and Anctil 2000) . Moreover, shear velocity was estimated by the Reynolds stress distribution . Results indicated that there is a good agreement between the value of shear velocity (u * ) estimated by means of the Reynoldsstress measurements and that obtained from the BLC method. Hence, the BLC method was applied to analyze the data in this study.
Results

Mean velocity distributions over the pool
The non-dimensional velocity profiles for three cross-sections of the channel x= 300 mm (where the flow is decelerating), x=800 mm (where the flow is quasi uniform) and x=1200 mm where the flow is accelerating) are presented in Fig.2 . Also, Fig.3 presents the depthaveraged velocity in span-wise and vertical directions over the pool. 4) Fig. 3b shows that vertical velocity (w) along the central axis is higher than the near bank over the pool, showing that downflow and upflow are stronger at the center of channel. 
Turbulence intensity distributions over the pool
The contours of root-mean-square (rms) of the stream-wise velocity (u) for bare and vegetated banks runs at the central axis and 5 cm from bank were presented in Fig. 6 . The generation of strong secondary currents by the joint effect of aspect ratio and vegetation causes greater turbulence near free surface along the axis of 5 cm from the vegetated banks. However, for bare bank run, along the central axis, the minimum of u' occurs near water surface due to weak secondary flows. Fig. 6 shows that turbulence intensity in decelerating flow section is in general greater than that in accelerating flow section. This is due to adverse pressure gradient effect in decelerating flow section. were less than those in the center of channel which is in agreement with the results of Rennie (2009, 2012) . For the uniform flow section of the pool (x = 800 mm), the Reynolds stress distribution is not uniform either for pool with bare banks or pool with vegetated banks. This is due to strong lateral gradient of the Reynolds stress at the upstream section (decelerating flow section). Perturbation near the banks causes an additional resistance, generating negative values of RS for uniform flow.
Reynolds stress distribution over the pool
4-Resistance coefficient over the pool
The most frequently used formulas relating open-channel flow velocity to resistance coefficient are the Darcy-Weisbach and Manning formulas:
in which V is the mean flow velocity of at a cross-section; n and f are the Manning and DarcyWeisbach resistance coefficients, respectively; R = the hydraulic radius, S = the water surface slope; g = the gravity acceleration, and K n is equal to 1(m 1/2 /S) for V and R in SI units.
The resistance coefficients can be related as:
Thus, knowing the value of one resistance coefficient, the corresponding values of the other resistance coefficients can be computed. Garcia (2008) denoted that bed forms play a significant effect on the roughness factor. In this study, we computed the Manning coefficient from the Darcy-Weisbach coefficient over the pool. The roughness coefficients presented in Fig. 8 are cross-sectional roughnesses. Accordingly, instead of using equations (1), (2) or (3) which depends on energy slope, shear velocity was calculated by each velocity profile data using the boundary layer characteristics methods (Afzalimehr and Anctil 2000) . In this case the Darcy-Weisbach coefficient can be computed as
Where V * is the averaged shear velocity of three measured profiles at each section in which shear velocity was computed by the boundary layer characteristics method (Afzalimehr and Anctil 2000) . By obtaining f, the value of n can be determined using (3). 
In decelerating flow (exit slope), ∂V/∂x is negative, while it is positive for accelerating flow (entry slope). Therefore, the shear stress or resistance to flow in decelerating flow is higher than those for accelerating flow, showing an increasing trend for decelerating flow and D r a f t 14 decreasing trend for accelerating flow (Fig. 8) . For uniform flow section, ∂V/∂x =0, therefore τ remains constant.
Discussion
No velocity dip was observed for the pool-channel with bare banks runs for a water depth of 0<z/h<0.8 (Fig.2) where ADV measurements were obtained, confirming by non-negative values of Reynolds stress (Fig.7) . Also, the non-zero mean velocity in vertical direction (w) driven by the secondary flows causes the Reynolds shear stress distribution to deviate from the conventional linear distribution. Therefore, the secondary currents causes such a deviation, leading the location of the maximum velocity to occur below the free surface for vegetated banks runs because the vegetated banks generate strong secondary flows due to decrease in mean velocity and higher turbulence by vegetation along the pool. Figure Caption 
